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A catheter (22, 28) comprises a hollow lumen having a distal end provided with a tip (23, 39) for insertion into a blood vessel, 
a plurality of peripherally spaced holes (27, 38) closely adjacent the tip (23, 39), the tip having a terminal aperture (25, 40) capable of 
adopting two configurations, namely an enlarged wire carrying configuration in which it is capable of receiving and passing a wire (24, 34), 
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catheter, intended for use in blood vessels, may find uses in coronary work, for example coronary angiography or interventional procedures 
such as balloon angioplasty or the insertion of stents, as well as for other arterial work. 
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CATHETER 

This invention relates to a catheter intended primarily for 
contrast angiography and interventional procedures. It was 
devised with a view to improving safety and efficacy in 
procedures in the coronary arteries but may have application 
in all arterial work such as neuro- radiology and peripheral 
arterial work. It is to be understood that the present 
invention does not relate to all forms of medical catheters, 
for example urological catheters , but only to those for use in 
blood vessels. 

Conventional blood vessel catheters fall into various types. 
Firstly, some have an end hole but no other apertures, for 
example the Judkins type which takes both left and right hand 
forms for investigation of the left and right coronary 
arteries; others have side holes only, for example the NIH 
catheter. A third type exemplified by the Gensini catheter 

have an end hole and a number of side holes. 

i 

Although present conventional catheters are successfully used 
in many cases, each design has disadvantages which may give 
rise to serious complications in a small but significant 
number of patients. 

Considering the first mentioned type of catheter, having an 
end hole only, this enables an introducing wire to be used, 
having an atraumatic tip, which is positioned in the region of 
the coronary artery or other artery to be investigated. The 
catheter is manoeuvred into position on the wire and then the 
wire is removed, leaving the catheter in position. 

The wire is soft tipped often with a small curved tip to 
reduce trauma during catheter advance and positioning. This 
allows preliminary exploration of curved and diseased arteries 
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for example. The wire also serves the function for example 
with the pre-formed shaped Judkins catheter of straightening 
out the catheter as it is passed into position. Finally , the 
use of a wire allows the exchange of catheters without the 
loss of access to the same artery or arterial segment. 

Where an introducing wire cannot be used, these advantages are 
lost. Thus, catheters of the second type referred to above, 
having side holes only, lose the advantages of accommodating 
the introducing wire. 

However the first type of catheter, having an end hole, does 
have certain disadvantages. The end hole tends to have a 
sharp edge which can injure the walls of the blood vessel 
during positioning of the catheter. Where contrast 

angiography is carried out, the forceful injection of contrast 
medium may also have a traumatic effect on the vessel wall 
because the contrast medium emerges as a single forwardly 
directed forceful jet. In a small number of cases, perhaps 
0.3%, dissection of the arterial wall can occur, with serious 
risk to the patient. 

Imaging can also be defective as the contrast medium can tend 
to issue in a stream along the lumen of the artery, giving an 
indistinct image of the vessel wall. If the artery branches, 
the injected medium may subselect one of two or three 
branches, giving poor or indeed no imaging of the other 
branches . 

It may sometimes be an advantage that a single end hole allows 
precise position for pressure measurements and in certain 
circumstances, precise injection of contrast, although the 
need for the latter is rare. Conversely, however, if the 
single end hole is positioned in abutment with an arterial 
wall, pressure monitoring ceases and injection of contrast 
medium can prove dangerous. 

2 
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Catheters of the second type r having side holes only, are 
recognised to have a higher degree of safety because there is 
no sharp tip and they are therefore less traumatic during 
manoeuvring. Injection of contrast medium through the 
catheter gives better imaging because the contrast medium 
sprays laterally outwardly from the catheter, showing the 
contours of the arterial wall and picking up any local side 
branches. There is also less tendency for the side hole only 
catheter to recoil from its chosen position during injection. 
However such catheters have the major disadvantage that they 
cannot be deployed over a wire and need other techniques, for 
example the use of a guide catheter or sheath to position 
them. 

Where both end hole and side holes are provided, as in the 
known Gensini catheter, a positioning wire can be used and 
some of the advantages of side holes are provided. However, 
there is still the problem of the risk of trauma from the 
apertured tip. 

It is an object of the present invention to provide a new or 
improved catheter primarily for contrast angiography and 
interventional procedures in blood vessels. 

According to the invention there is provided a catheter having 
a hollow lumen having a distal end provided with a tip for 
insertion into a blood vessel, a plurality of peripherally 
spaced holes closely adjacent the tip, the tip having a 
terminal aperture capable of adopting two configurations, 
namely an enlarged wire carrying configuration in which it is 
capable of receiving and passing a wire, and a restricted 
configuration in which it is of substantially smaller cross- 
sectional area than in the enlarged condition, the aperture 
v being normally biased into said restricted configuration. 

The terminal aperture may comprise a slit or a plurality of 
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intersecting slits. Alternatively , the aperture may be 
provided with a resilient peripheral restrictor which may 
comprise an annulus of resilient material surrounding and at 
least partly closing the aperture or which may comprise a 
plurality of inwardly projecting resilient restrictor members 
which at least partly close the aperture • 

The resilient peripheral restrictor may comprise latex or 
silicone rubber. 

The catheter may be coated with the same material as forms the 
resilient peripheral restrictor. 

In an alternative, the aperture may comprise a valve openable 
by a wire. 

The catheter may comprise a diagnostic coronary angiogram 
catheter or may comprise a guiding catheter for interventional 
procedures such as PTCA. 

Embodiments of the invention will now be described in more 
detail by way of example only, with reference to the 
accompanying drawings , in which 

Figure 1 shows a prior art catheter tip having a terminal 
aperture , 

Figure 2 shows a prior art catheter tip having side apertures 
but no terminal aperture, 

Figure 3A shows a prior art catheter tip having a terminal 
aperture and side apertures at a distance from the tip, 

Figure 3B shows a prior art catheter similar to that in Figure 
3A but with side apertures close to the tip, 
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Figure 4 shows a prior art Judkins type catheter having a 
terminal aperture. 

Figure 5 shows the present invention applied to a Judkins type 
catheter , 

Figure 6 is an enlarged detail view of the tip of the catheter 
shown in Figure 5 with a tip aperture in a restricted 
configuration , 

Figure 6A is a detail end view of the tip shown in Figure 6, 

Figure 7 shows the catheter of Figure 5 with the tip aperture 
in an enlarged wire carrying conf iguration, 

Figure 8 illustrates an alternative form of tip in cross- 
section in the normal restricted conf iguration, 

Figure 8A is a detail end view of the tip shown in Figure 8, 

Figure 8B is a detail end view of a still further alternative 
of the tip shown in Figure 8, 

Figure 9 illustrates the tip of Figure 8 in the enlarged wire 
carrying configuration, 

Figure 10 illustrates the catheter tip of Figures 8 and 9 in 
use during contrast angiography, illustrating ease of 
visualisation of small side branches. 

Referring firstly to the generalised diagrammatic 
illustrations forming Figures 1 to 3, Figure 1 shows the tip 
10 of a catheter having an end hole 11 which is of the same 
internal diameter as the lumen of the catheter. This is a 
type of catheter exemplified by the Judkins left and right 
catheters such as that illustrated in Figure 4. As previously 
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referred to, this type of catheter can be used in combination 
with an introducing or guide wire by well known techniques* 
The use of the guide wire enables it to be positioned 
accurately. However the tip aperture 11 has a relatively 
sharp edge which may cause trauma. This problem is addressed 
particularly in larger sizes of catheter by the use of a "soft 
tip" in which the catheter is coated with a latex or silicone 
rubber material over a relatively firm core, the latex or 
silicone material extending beyond the firm core at the tip to 
provide a so called "soft tip". However there is no change in 
the internal diameter of the catheter at the tip. 

Figure 2 shows diagrammatically a form of catheter 13 which 
has a closed end 14 which is of rounded configuration. This 
catheter has a plurality of side holes 15 arranged 
peripherally near to the tip 14. 

It cannot be positioned using a guide wire and therefore a 
different introducing technique needs to be used. For example 
it may be introduced along a pre-positioned guide catheter of 
larger size which needs then to be removed or to be inserted 
via a shorter, but possibly less advantageous arterial route. 

The NIH catheter is a typical example of the type of catheter 
shown in Figure 2. 

The third form of prior art catheter is illustrated in Figures 
3A and 3B comprises a catheter 16 having an end hole 17 
similar to the end hole 11 of Figure 1 and also has a 
plurality of side holes 18 which, however, are either spaced 
by a distance of perhaps 2 cm to 3 cm from the distal tip and 
the end hole 17 (Figure 3A) or close to the tip (Figure 3B) . 

A wire can be used for positioning the catheter. 
Turning to Figure 4 of the drawings, this shows a prior art 
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left coronary Judkins catheter 20 having a single end hole 21. 

In Figure 5, a catheter embodying the present invention has 
been illustrated at 22 and an enlarged view of the distal tip 
portion 23 is shown in Figure 6. 

The extreme free end of the tip portion 23 has a terminal 
aperture in the form of three slits meeting at a point as 
shown in Figure 6A. This construction is by way of example 
and it would be possible to provide more or fewer slits or 
even a single slit provided that the aperture is capable of 
adopting two configurations. 

In the configuration shown in Figures 6 and 6A, the actual 
aperture has a very small cross- sectional area and this is the 
normal condition. In other words, the aperture is biased into 
this restricted configuration. This may be a result of the 
nature of the materials of which the catheter is made or of 
some mechanical constraint. 

In Figure 7, the catheter of Figures 5 and 6 is shown in an 
alternative configuration . 

A guide wire 24 has been passed into a suitable position in a 
blood vessel and the catheter 22 has been slid along the guide 
wire until it is in its correctly deployed condition. The tip 
23 has its aperture 25 opened up so that each of the slits 26 
spreads apart and the effective cross-sectional area of the 
aperture is enlarged. 

When the catheter 22 has been positioned properly, the wire 24 
may be withdrawn and, as this is done, the slits 26 
resiliently re-close the aperture 25 to the restricted 
condition shown in Figure 6. 

Another feature of the catheter 22 is that it has side holes 
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27, a plurality of which are provided very closely adjacent 
the tip aperture 25. In the example shown, there are three 
side apertures 27 spaced around the circumference of the 
catheter very close to the tip, for example within 5mm of the 
tip for a catheter used for coronary angiography. 

Alternative configurations are shown in Figures 8 to 10* 

As has been referred to above, certain open ended catheters of 
the type shown in Figure 1 have a "soft tip" made of elastic 
material as opposed to the firm material used in the main core 
of the body of the catheter. In the catheter shown in Figures 
8 to 10, which is generally indicated at 28, a firm core 29 is 
surrounded by a coating of suitably elastic material 30 such 
as latex or silicone rubber which extends at the tip to form 
a resilient peripheral restrictor 31, restricting the aperture 
40 at the tip by reducing the normal internal diameter of the 
catheter lumen 32 to a closed or virtually closed condition 
under normal circumstances. This restricted configuration is 
as illustrated in Figure 8. The peripheral restrictor 31 is 
annular in shape (Figure 8B) although it could possibly 
comprise a number of inwardly directed relatively localised 
restrictor members 33 which tend to partly close up the 
aperture 40 in the normal restricted condition as illustrated 
in Figure 8A. 

Figure 9 shows the catheter 28 of Figure 8 with a guide wire 
34 deployed. The aperture 40 defined by the peripheral 
restrictor 31 has been resiliently opened so that the terminal 
aperture 40 adopts an enlarged wire carrying configuration. 
The internal diameter of the lumen 32 may conform very closely 
to the external diameter of the wire 34 but preferably 
provides a small clearance as shown. This means that the 
resilient peripheral restrictor 31 is a snug fit around the 
wire. 
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In use, the device is illustrated in Figure 10. The catheter 
28 is shown positioned within an artery whose wall is 
indicated at 35. It will be seen that the artery 35 is 
bifurcated into a main branch 36 and a small side branch 37 in 
this example. This figure will illustrate more clearly the 
effectiveness of the present invention. 

As before in relation to Figures 5 to 7, the catheter of 
Figures 8 to 10 has a plurality of side holes 38 , again 
peripherally spaced around the catheter and close to the 
extreme tip and its terminal aperture. Once the catheter has 
been positioned and the guide wire 34 removed, an injection of 
radio-opaque contrast medium can be carried out to provide 
visualisation of the artery at the position of the tip 40. In 
the case of a catheter having an end hole only such as that 
illustrated in Figure 1, the contrast medium issues linearly 
and forcefully from the tip aperture 11 and would provide 
adequate visualisation of the main branch 36. However because 
the tip of the catheter is positioned slightly beyond the 
small side branch 37 of the bifurcated artery, no 
visualisation of this side branch would take place. Further, 
the central forceable jet of medium issuing along the main 
branch 36 might not pick up areas of disease on the arterial 
walls very satisfactorily. 

However by the use of the peripheral side holes 38 provided in 
the catheter of the present invention, together with the 
restricted tip aperture 40, a "spray" effect is achieved with 
the contrast medium which spreads out into both the main 
artery 36 and the small side branch 37, tending to billow and 
cling to the walls and highlight the contours in a very 
advantageous way • 

f The terminal aperture 4 0 at the tip 39 will be in its 

restricted configuration and may be closed or almost closed 
during injection. However it may be helpful if some portion 
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of the injected medium emanates from the tip aperture as well 
as through the side holes 38 since this gives the best pattern 
of contrast medium. 

Because the injected medium is diffused, passing out through 
various different holes 38, 40, at the side and end of the 
catheter tip 39, there is less danger due to the forceful 
injection of contrast medium. Such danger may arise using 
prior art catheters because of the risk of damage to the 
arterial wall, disruption or removal of plague from a diseased 
portion of the arterial wall or arrythmia. 

Further and surprisingly, it has been found that the use of a 
catheter having side holes greatly reduces the amount of 
recoil of the catheter on injection with contrast medium. It 
will be appreciated that when the contrast medium emerges from 
the end hole 11 of the Figure 1 form of catheter, a reaction 
force is exerted on the catheter tending to push it out of 
position, which may make it difficult for the physician to 
continue observation of the artery. 

The surprising lack of recoil in the clinical tests carried 
out using the device of the present invention is an important 
advantage . 

Clinical tests have been carried out, principally using the 
modified form of Judkins catheter shown in Figures 5 to 7 of 
the drawings and its right handed counterpart. The clinical 
experience to date indicates the following points. 

The invention is used in exactly the same way as the existing 
catheter of the same type so no new techniques need to be 
learned by the physician. It can be positioned using a guide 
wire . 

The procedure time is shortened. Repeated imaging is not 
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necessary because the "spray effect" of the contrast medium 
from the catheter provides much better images. 

The positional stability of the catheter is greatly improved 
during forced injection of contrast medium. There is little 
or no recoil detectable. 

In difficult cases, imaging of proximal bifurcations is 
achievable. For example where the patient has a short left 
main stem the conventional end hole only catheter may lodge 
primarily in the left anterior descending artery, giving rise 
to poor or even no imaging of the circumflex artery for 
example* 

Despite the presence of proximal disease, the catheter tip 
does not cause disruption of plaque. This is again due to the 
relative spreading of the contrast medium on injection. 

Where tip engagement takes place into a small branch, 
typically in the right coronary artery, a conventional 
catheter as shown in Figure 1 would normally be expected to 
cause a fall in the pressure as monitored via the catheter, 
arrythmia when unintentional pressure injection is applied and 
a lack of contrast in the main artery. To date, none of the 
above difficulties have been observed with the prototype 
device even when the tip was engaged in a small branch. 

Although clinical experience to the present date has been 
confined principally to use of catheters for angiography, it 
is believed that suitably sized catheters may be very useful 
for interventional cardiology for example percutaneous 
transluminal coronary angioplasty (PTCA) . In balloon 
angioplasty, a guiding catheter is positioned using a guide 
wire. The guide catheter is left in position and a small 
balloon catheter is fed through it so that the balloon can be 
positioned within a constricted portion of artery, where it is 
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inflated to expand the lumen of the artery. Guide catheters 
used for PTCA are usually soft tip catheters having an end 
hole only. The soft tip is useful because of the slightly 
larger size of the catheters , and the need to avoid damage not 
merely to the patients tissue but also to the very delicate 
balloon catheter as it is passed. 

Although a guide catheter has been available in which two or 
three side holes have been provided some 3cm to 4 cm from the 
tip, this is only to allow perfusion and pressure measurement 
to continue where the tip of the catheter occludes a small 
artery. Contrast injection is hampered in such available 
catheters because the contrast medium escapes too far away 
from the target site. 

It is envisaged that using a catheter having the features of 
the present invention, namely side holes close to the tip and 
a self-closing or self -restricting tip aperture, substantial 
advantages can be gained. Firstly , the manoeuvring of the 
guide catheter can be safely achieved due to the capability of 
using a guide wire. The wire can be removed and the balloon 
catheter passed without any alteration in the standard 
techniques currently adopted. However the imaging available 
would be considerably better for the reasons outlined above in 
connection with angiography. Provided that the peripheral 
restrictor or tip construction is sufficiently compliant, the 
passage of the balloon catheter would be unimpeded with 
possibly some slight increase in resistance. 

During PTCA, while the balloon is in the vessel, repeated 
angiography is necessary to monitor the progress of expanding 
the occluded lumen. Conventional guide catheters use the same 
end hole through which the balloon catheter is deployed. 
Since the balloon catheter reduces the size of the end hole of 
a conventional catheter, contrast injections are not always as 
successful in visualising the target vessel and surrounding 
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vessels as might be desired. Also the catheter is often deep 
in the target vessel and the contrast medium may not fill 
other important branches which the operator may wish to 
visualise. 

It is believed that the form of resilient peripheral 
restrictor which is annular in shape as illustrated in Figure 
8B may provide the best arrangement for a PTCA guide catheter 
rather than the form shown in Figure 8A or the slit type 
arrangement shown in Figure 6A. This is because the type of 
arrangement shown in Figure 6A would tend to lose its rounded 
tip, for example as shown in the deployed condition in Figure 
7, when the PTCA device is in position but the resilient 
peripheral restrictor of Figure 8 would retain a smooth outer 
and inner contour. The catheter could be used for other 
interventional procedures for example insertion of stents. 

Catheter devices as set out in the claims of this application 
may be adapted for use in other circumstances such as for 
example neuro-radiology or peripheral arterial work. 
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CIAIMS 

1. A catheter comprising a hollow lumen having a distal end 
provided with a tip for insertion into a blood vessel f a 
plurality of peripherally spaced holes closely adjacent the 
tip, the tip having a terminal aperture capable of adopting 
two configurations, namely an enlarged wire carrying 
configuration in which it is capable of receiving and passing 
a wire, and a restricted configuration in which it is of 
substantially smaller cross-sectional area than in the 
enlarged condition, the aperture being normally biased into 
said restricted configuration. 

2. A catheter according to claim 1 wherein said aperture 
comprises a slit, 

3. A catheter according to claim 2 wherein said aperture 
comprises a plurality of intersecting slits. 

4. A catheter according to claim 1 wherein said aperture is 
provided with a resilient peripheral restrictor. 

5. A catheter according to claim 4 wherein the resilient 
peripheral restrictor comprises an annulus of resilient 
material surrounding and at least partly closing the aperture 
in the restricted configuration. 

6. A catheter according to claim 4 wherein the resilient 
peripheral restrictor comprises a plurality of inwardly 
projecting restrictor members of resilient material which at 
least partly closed the aperture in the restricted 
configuration . 

7. A catheter according to any one of claims 4 to 6 wherein 
the resilient material of the resilient peripheral restrictor 
is latex . 
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8. A catheter according to any one of claims 4 to 6 wherein 
the resilient material of the resilient peripheral restrictor 
is silicone rubber. 

9. A catheter according to any one of claims 4 to 8 wherein 
the catheter is externally coated with a material which also 
forms the resilient peripheral restrictor. 

10. A catheter according to claim wherein the aperture 
comprises a self-closing valve operable by a wire to open it 
into an enlarged configuration. 

11. A catheter according to any preceding claim and adapted 
for use in diagnostic angiography. 

12. A catheter according to any one of claims 1 to 11 and 
adapted for use as a guide catheter for cardiac interventional 
procedures. 

13. A catheter substantially as hereinbefore described with 
reference to and as illustrated in Figures 5 to 7 of the 
accompanying drawings. 

14 . A catheter substantially as hereinbefore described with 
reference to and as illustrated in Figures 8 to 10 of the 
accompanying drawings. 
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